Description 



Title of the Invention 

METHOD OF FABRICATING SEMICONDUCTOR INTEGRATED CIRCUIT 
5 DEVICE 

Technical Field 

This invention relates to a fabrication 
technology of a semiconductor integrated circuit 
10 device. More particularly , this invention relates to 
a technology which will be effective when applied to a 
"Salicide" (self-aligned silicide) process using a Co 
(cobalt) film formed by sputtering. 

15 Background of the Invention 

Polycrystalline silicon and Al (aluminum) have 
been used mainly in the past as electrode and wiring 
materials of semiconductor integrated circuits formed 
on a Si (silicon) substrate. As semiconductor devices 

2 0 have been scaled down in recent years, however , 

attempts have been made to introduce refractory metals 
such as W (tungsten) , Ti (titanium) , cobalt, etc, and 
their silicide compounds, as new electrode and wiring 
materials because these metals and metal compounds 

25 have lower resistance than Si and higher 
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electromigration resistance than Al. 

The refractory metal (silicide) film for these 
electrode and wiring materials is formed on a 
semiconductor wafer by sputtering in argon a target 
5 that is prepared by sintering powder of the refractory 
metal (silicide). 

Japanese Patent Laid-Open Nos. 192974/1994 , 
192979/1994 and 3486/1995 disclose a technology for 
producing high purity Co which reduces its impurity 

10 contents, particularly the Ni (nickel) and Fe (iron) 

contents f and has a purity of over 99.999% (5N), by an 
electrolytic refining process. This high purity Co is 
applied to the production of a Co target for forming a 
Co film used for the electrodes and wiring lines 

15 ( electrodes , gates , wiring lines , devices, protective 
films, etc.) of semiconductor devices. 

Japanese Patent Laid-Open No. 1370/1993 
describes a method of producing a refractory metal 
silicide target for sputtering, capable of restricting 

20 the formation of particles that would otherwise result 
in breakage and short-circuit of the electrodes and 
wiring lines. This reference illustrates W, Mo 
(molybdenum), Ta (tantalum), Ti, Co and Cr (chromium) 
as the refractory metals . 

25 The refractory metal silicide film can be formed 
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by a refractory metal film to react with silicon , 
besides the method described above that uses the 
target of the refractory metal silicide. 

Japanese Patent Laid-Open No. 321069/1995 
5 describes a so-called "Salicide process" which 

comprises the steps of forming a Co-Ti film on the 
entire surface of a semiconductor substrate, on which 
MOSFETs (Metal Oxide Semiconductor Field Effect 
transistors) are formed , by a magnetron sputtering 

10 process using a composite metal target constituted by 
20 atom% of a ferromagnetic material such as Co and 80 
atom% of a paramagnetic material such as Ti, then 
conducting heat-treatment so as to form a Co silicide- 
Ti silicide mixture layer on the polycrystalline 

15 silicon gates as well as on the sources and drains, 
removing unreacted potions of the mixture layer by 
etching, and conducting again the heat-treatment to 
thereby reduce the resistance of the mixture layer. 

20 Disclosure of the Invention 

In order to achieve high operation speed, high 
performance and low power consumption of large-scale 
semiconductor devices using very small MOSFETs 
fabricated by a deep sub-micron design rule of not 

25 greater than 0.25 fxm, for example, it is essentially 
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necessary to materialize the high-speed operation of 
discrete MOSFETs in addition to the reduction of the 
delay in wiring lines. For, the source/drain 
resistance of the MOSFET increases when the MOSFET is 
5 scaled down, and this increase in the resistance is a 
critical factor that impedes the high-speed operation 
of the transistors. In the case of low power 
consumption devices for driving the transistors; at a 
low voltage of 2 V or below, in particular, the 

10 improvement of the operation speed of the discrete 
MOSFET is the critical problem. 

When the MOSFET is driven at a low voltage of 2 
V or below, it becomes difficult to control a 
threshold voltage (Vth) in a buried channel type 

15 structure, in which the gate electrode is constituted 
by n type polycrystalline silicon, as is the case with 
p channel MOSFETs of the prior art. Therefore, how to 
control the threshold voltage is another problem. 
The inventors of the present invention have 

20 examined the introduction of the Salicide process for 
forming a low-resistance high melting silicide layer 
on the polycrystalline silicon gates and on both 
source and drain so as to solve the problem of the 
high-speed operation of the MOSFET. The inventors 

25 have selected Co (cobalt) that provides a low 
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resistance silicide of about 15 fxQcm as a refractory 
metal material. To control the threshold voltage of 
the MOSFET, on the other hand, the inventors have 
attempted to introduce a dual-gate CMOS structure in 
5 which the gate electrode of p channel MOSFETs is 
constituted into a surface channel type by p type 
polycrystalline silicon while the gate electrode of n 
channel MOSFETs is constituted into the surface 
channel type by n type polycrystalline silicon. To 

10 introduce this dual-gate CMOS structure, the 

connection method of the p type polycrystalline 
silicon gate and the n type polycrystalline silicon 
gate becomes the problem, but this problem can be 
solved by combining this structure with the Salicide 

15 process for forming the silicide layer on the 
polycrystalline silicon gates. 

The process for forming the Co silicide layer on 
the polycrystalline silicon gates and on the source 
and drain of the MOSFET is as follows. 

20 First, a Co film is deposited on a semiconductor 

substrate having MOSFETs formed thereon, by a 
sputtering process using a Co target, and heat- 
treatment is then effected so as to permit Co and Si 
to react with each other and to thereby form a Co 

2 5 silicide layer on the surface of each of the gate, 



- 5 - 



* 



source and drain (first heat-treatment). The Co 
silicide obtained at this time is a mono-silicide 
(CoSi) having a relatively high resistance of 50 to 60 
jxQcm. After the unreacted Co film is removed by wet 
5 etching , heat-treatment is carried out once again to 
cause the phase transition of the mono-silicide to a 
di-silicide (CoSi 2 ) having a low resistance (second 
heat-treatment) . 

When the present inventors have carried out the 

10 first heat-treatment for the Co film formed by using 
Co target having a purity of 99. 9% ,. however, the film 
thickness of the resulting Co mono-silicide (CoSi) 
exhibits high dependence on the temperature change of 
the heat-treatment. More concretely, the phenomenon 

15 is observed in which the film thickness becomes 

greater with a higher heat-treatment temperature and 
smaller with a lower heat-treatment temperature. 
Consequently, the film thickness cannot be controlled 
stably. Presumably, such a variation of the film 

20 thickness results mainly from silicidization of a part 
of impurity transition metals such as Fe and Ni 
contained in the Co target. 

The result of the studies described above 
suggests that in order to obtain a Co silicide layer 

25 having a low resistance, the film thickness of the 
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mono-silicide layer must be made sufficiently large by 
setting the temperature of the first heat-treatment to 
a high level. When the film thickness of the mono- 
silicide layer becomes large, however, a junction 
5 leakage current increases in 0.25 |nm MOS devices in 
which the source-drain p-n junction is shallower than 
0.3 jim. It is assumed that excessive inter-lattice Si 
formed by the reaction between Co, which enters the 
substrate, and Si, gathers and grows to thereby invite 

10 this increase in the junction leakage current. 

If the first heat-treatment temperature is 
raised, an undesirable silicidization reaction is 
likely to occur at the source-drain end portion and to 
result in so-called "creep-up", or the phenomenon in 

15 which the silicide layer extends up to the field 
insulating film and the gate side wall insulating 
film. As a result, short-circuit develops in MOSFETs 
of a very small size between the gate and the source, 
between the gate and the drain and between the sources 

20 and the drains of adjacent MOSFETs. When the first 
heat-treatment is applied to the dual gate CMOSs, in 
particular, B (boron) as the impurity in p type 
polycrystalline silicon, that constitutes the gate 
electrode of the p channel MOSFET, is likely to 

25 diffuse into the gate oxide film with the result that 
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electric characteristics of the transistors are likely 
to fluctuate. 

On the other hand, when the film thickness of 
the mono-silicide layer is reduced by setting the 
5 first heat-treatment temperature to a low level so as 
to avoid the increase in the junction leakage current, 
the resistance of the silicide layer increases. When 
the heat-treatment temperature is low, the progress of 
the silicidization reaction becomes slow, too, so that 

10 the resistance of the silicide layer further 

increases. Furthermore, the heat resistance of the Co 
silicide layer drops when its film thickness becomes 
small. In consequence, agglomeration of the crystal 
grains of the Co silicide occurs during the heat- 

15 treatment process after the formation of the MOSFET 
(e.g. the process in which a silicon oxide film 
containing P (phosphorus) doped thereto is deposited 
on the MOSFET and is then sintered at a high 
temperature in order to getter a metal such as Na 

20 (sodium)). Consequently, the abnormal increase in the 
resistance occurs. 

Therefore, a method of fabricating a 
semiconductor integrated circuit device according to 
the present invention comprises the following steps 

25 (a) to (d): 
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(a) a step of forming MOSFETs on a main plane 
of a wafer; 

(b) a step of depositing a Co film to regions 
of the main plane of the wafer including at least the 

5 upper portions of the gate electrode and the source 
and drain of the MOSFET by sputtering using a high 
purity Co target; 

(c) a step of forming a Co silicide layer on 
the surface of the gate electrode and the source and 

10 drain of each MOSFET by applying a first heat- 
treatment to the wafer so as to allow Co and Si to 
react with each other; and 

(d) a step of removing the unreacted portions 
of the Co film and then applying a second heat- 

15 treatment to the wafer so as to reduce the resistance 
of the Co silicide layer. 

When the CoSi 2 layer is formed on the silicon 
surface by the reaction of Co with Si, the fabrication 
method of the semiconductor integrated circuit device 

20 according to the present invention reduces the sheet 
resistance of the CoSi 2 layer to 10 Q /square or below 
by using the high impurity Co target capable of 
providing the CoSi layer that has low temperature 
dependence on at least the first heat-treatment 

25 temperature and has improved film thickness 
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controllability • 

The high purity Co target used in the present 
invention has a Co purity of at least 99.99% and a Fe 
or Ni content of not greater than 10 ppm, or the sum 
5 of the Fe and Ni contents of not greater than 50 ppm. 
Preferably, the Co purity is at least 99.99% and the 
Fe and Ni contents are not greater than 10 ppm and 
more preferably , the Co purity is 99.999%. 

The term "wafer" used in this specification 

10 means a sheet-like article at least a part of which 

comprises a single, or a plurality of/ single crystal 
regions (mainly silicon in the invention) after at 
least prescribed process steps that form the 
semiconductor integrated circuit device mainly on the 

15 main surface region thereof. The term "semiconductor 
integrated circuit device" used herein means not only 
those which are formed on ordinary single crystal 
wafers but on other substrates, such as TFT liquid 
crystals. 

20 The summary of the inventions disclosed herein 

can be itemized as follows. 

( 1 ) A method of fabricating a semiconductor 
integrated circuit device comprising the steps of: 
(a) forming MOSFETs on a main plane of a 

25 wafer; 
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(b) depositing a Co film in regions of the 
main plane of the wafer including at least the gate 
electrode and the source and drain of each MOSFET by 
sputtering using a high purity Co target; 
5 a step of applying a first heat-treatment to the wafer 
so as to allow Co and Si to react with each other and 
to form a Co silicide layer on the surfaces of the 
gate electrode and the source and drain of each 
MOSFET; and 

10 (d) removing the unreacted portions of the Co 

film and applying a second heat-treatment to the wafer 
so as to reduce the resistance of the Co silicide 
layer . 

(2) According to the method of fabricating a 
15 semiconductor integrated circuit device of the 

invention described above, the Co purity of the Co 
target is at least 99.99% and the Fe or Ni content is 
not greater than 10 ppm. 

(3) According to the method of fabricating a 
20 semiconductor integrated circuit device described 

above, the Co purity of the Co target is at least 
99.99% and the Fe and Ni contents are not greater than 
5 0 ppm • 

(4) According to the method of fabricating a 
2 5 semiconductor integrated circuit device described 
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above, the Co purity of the Co target is at least 
99.99% and the Fe and Ni contents are not greater than 
10 ppm. 

(5) According to the method of fabricating a 
5 semiconductor integrated circuit device described 

above, the Co purity of the Co target is 99.999%. 

(6) According to the method of fabricating a 
semiconductor integrated circuit device described 
above, the temperature of the first heat-treatment is 

10 from 475 to 525°C. 

(7) According to the method of fabricating a 
semiconductor integrated circuit device described 
above, the temperature of the second heat-treatment is 
from 650 to 800°C. 

15 ( 8 ) According to the method of fabricating a 

semiconductor integrated circuit device described 
above, the film thickness of the Co film is from 18 to 
60 nm. 

(9) According to the method of fabricating a 
20 semiconductor integrated circuit device described 

above, the sheet resistance of the Co silicide layer 
after the application of the second heat-treatment is 
not greater than 10 Q /square. 

(10) According to the method of fabricating a 
25 semiconductor integrated circuit device described 
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above , the junction depth of the source and the drain 
is not greater than 0.3 jim. 

(11) A method of fabricating a semiconductor 
integrated circuit device according to the present 
5 invention comprises the steps of: 

(a) depositing a polycrystalline silicon film 
and a first insulating film on a main plane of a wafer 
having a gate insulating film formed thereon, and 
patterning the first insulating film and the 

10 polycrystalline silicon film to thereby form a first 
gate electrode pattern in a first region of the wafer 
and a second gate electrode pattern in a second 
region; 

(b) implanting an impurity ion of a first 

15 conductivity type into the first region of the wafer 
to form first conductivity type semiconductor regions 
having a low impurity concentration in the wafer on 
both sides of the first gate electrode pattern , and 
implanting an impurity ion of a second conductivity 

20 type into the second region of the wafer to form 

second conductivity type semiconductor regions in the 
wafer on both sides of the second gate electrode 
pattern; 

(c) patterning the second insulating film 

25 deposited on the main plane of the wafer to form side 
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wall spacers on side walls of the first and second 
gate electrodes, and removing the first insulating 
films of the first and second gate electrode patterns 
to expose the surface of the polycrystalline silicon 
5 film; 

(d) implanting an impurity ion of the first 
conductivity type into the first region of the wafer 
to form a first gate electrode of the first 
conductivity type by the polycrystalline silicon film 

10 of the first gate electrode pattern and to form first 
conductivity type semiconductor regions having a high 
impurity concentration in the wafer on both sides of 
the first gate electrode , and implanting an impurity 
ion of the second conductivity type into the second 

15 region of the wafer to form a second gate electrode of 
the second conductivity type by the polycrystalline 
silicon film of the second gate electrode pattern , and 
to form second conductivity type semiconductor regions 
having a high impurity concentration in the wafer on 

20 both sides of the second gate electrode; 

(e) depositing a Co film on the main plane of 
the wafer by sputtering using a high purity Co target; 

(f ) applying a first heat-treatment to the 
wafer to allow Co and Si to react with each other to 

25 thereby form a Co silicide layer on the surface of the 
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first and second gate electrodes and the surface of 
the first and second conductivity type semiconductor 
regions having a high impurity concentration; and 

(g) removing the unreacted portion of the Co 
5 film and then applying a second heat-treatment to the 
wafer to lower the resistance of the Co silicide 
layer. 

(12) According to the method of fabricating a 
semiconductor integrated circuit device of the present 

10 invention described above, an operating power source 
voltage of the MOSFET is not higher than 2 V. 

(13) According to the method of fabricating a 
semiconductor integrated circuit device described 
above, the Co purity of the Co target is at least 

15 99.99% and the Fe or Ni content is not greater than 10 
ppm. 

(14) According to the method of fabricating a 
semiconductor integrated circuit device described 
above, the Co purity of the Co target is at least 

20 99.99% and the Fe and Ni contents are not greater than 
50 ppm. 

(15) According to the method of fabricating a 
semiconductor integrated circuit device described 
above, the Co purity of the Co target is at least 

25 99.99% and the Fe and Ni contents are not greater than 
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10 ppm. 

(16) According to the method of fabricating a 
semiconductor integrated circuit device described 
above, the Co purity of the Co target is 99.999%. 

(17) A method of fabricating a semiconductor 
integrated circuit device according to the present 
invention comprising the steps of: 

(a) forming MOSFETs on a main plane of a wafer 
and then exposing the surface of the gate electrode 
and the source and drain of each MOSFET; 

(b) depositing a Co film on the main plane of 
the wafer including the surface of the gate electrode 
and the source and drain of the MOSFET by sputtering 
using a high purity Co target; 

(c) applying a first heat-treatment to the 
wafer to allow Co and Si to react with each other to 
thereby form a Co silicide layer made mainly of Co 
mono-silicide on the surface of the gate electrode, 
the source and drain of the MOSFET; 

(d) removing the unreacted portions of the Co 
film and then applying a second heat-treatment to 
cause phase transition of the Co silicide layer to a 
Co di-silicide layer made mainly of a Co di-silicide; 
and 

(e) depositing a silicon oxide film containing 



an impurity doped thereto to the upper part of the 
MOSFET so as to getter a metal impurity , and then 
applying a third heat-treatment to the silicon oxide 
film. 

5 (18) According to the method of fabricating a 

semiconductor integrated circuit device of the 
invention described above, the silicon oxide film 
containing the impurity doped thereto is a PSG film. 

(19) According to the method of fabricating a 
10 semiconductor integrated circuit device described 

above, the temperature of the third heat-treatment is 
from 700 to 800°C. 

It is an object of the present invention to 
provide a Salicide process capable of forming a Co 
15 silicide layer having a low resistance and a small 
junction leakage current. 

These and other objects and novel features of 
the present invention will become more apparent from 
the following description of the specification 
20 together with the accompanying drawings. 

Brief Description of the Drawings 

Figs. 1 to 7, 9, 12, 13 and 16 to 20 are 
sectional views of principal portions of a 
25 semiconductor substrate, and show methods of 
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fabricating a semiconductor integrated circuit device 
according to embodiments of the present invention. 

Fig. 8 is a graph showing the relationship 
between heat-treatment at 750°C for 3 0 minutes for 
5 activating an impurity and a leakage current of the 
source and drain formed of this impurity. 

Fig. 10 is a schematic view of a chamber of a 
sputtering apparatus used for depositing a Co film. 

Fig. 11 is a perspective view of a Co target. 
10 Fig. 14 is an enlarged view of n- and p-channel 

MOSFETs each having a Co silicide layer formed on the 
surface of the gate electrode, the source and drain. 

Fig. 15 is a graph showing the relationship 
between the sheet resistance of the Co silicide layer 
15 and the first heat-treatment temperature; 

Best Mode for Carrying Out the invention 

The present invention will be described in 
further detail with reference to the accompanying 
20 drawings. In the explanation that follows, the same 
reference numeral will be used to identify a 
constituent element having the same function, and 
repetition of the explanation of such an element will 
be omitted. 

25 The embodiment represents the example of the 
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application of the present invention to a dual gate 
CMOS process in accordance with a 0.25 \*m design rule, 
wherein an operating power source voltage is 2 V. 
Needless to say, however, the present invention is not 
5 limited to this embodiment. 

A CMOSFET having a dual gate structure is 
fabricated in the following way. First, the surface 
of a semiconductor substrate 1 made of a p" type 
single crystal silicon and having a resistivity of 

10 about 10 Qcm is thermally oxidized so as to form a 10 
nm-thick silicon oxide film 2. A 100 nm-thick silicon 
nitride film 3 is then deposited on this silicon oxide 
film 2 by a CVD process, as shown in Fig. 1. Next, 
this silicon nitride film 3 is patterned by dry 

15 etching using a photoresist as a mask so as to remove 
the silicon nitride film 3 of a device isolation 
region. 

Next, as shown in Fig. 2, the silicon oxide film 
2 and the semiconductor substrate 1 are etched by 
20 using the silicon nitride film 3 as the mask in such a 
manner as to form a 350 nm-deep trench 4a in the 
semiconductor substrate 1 of the device isolation 
region. 

After a silicon dioxide film 5 is deposited on 
2 5 the semiconductor substrate 1 by the CVD process as 
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shown in Fig. 3, the surface of this silicon oxide 
film 5 is polished flat and smooth by a CMP process in 
such a manner as to leave the silicon oxide film 5 
inside the trench 4a and thus to form a device 
5 isolation trench 4. Subsequently , heat-treatment is 
carried out at 1,000°C to density the silicon oxide 
film 5 inside the device isolation trench 4 and then 
the silicon nitride film 3 is removed by wet etching 
using hot phosphoric acid, 

10 An n type well 6n and a p type well 6p are then 

formed in the semiconductor substrate 1 as shown in 
Fig* 4. First , an impurity for forming the n type 
well in the semiconductor substrate 1 is ion-implanted 
using a photoresist having an opening corresponding to 

15 a p channel MOSFET forming region as a mask, and then 
an impurity for adjusting the threshold voltage of the 
p channel MOSFET is ion- implanted. The impurity for 
forming the n type well is P (phosphorus), for 
example, and ion implantation is executed at energy of 

20 360 keV and a dose of 1.5 x 10 13 /cm 2 . The impurity for 
adjusting the threshold voltage is P, for example , and 
ion implantation is executed at energy of 40 keV and a 
dose of 2 x 10 12 /cm 2 . After the photoresist is 
removed , an impurity for forming the p type well in 

25 the semiconductor substrate 1 is ion-implanted using a 
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photoresist, that has an opening corresponding to an n 
channel MOSFET, as a mask, and an impurity ion for 
adjusting the threshold voltage of the n channel 
MOSFET is further ion-implanted. The impurity for 
5 forming the p type well is B (boron), for example, and ' 
ion implantation is executed at energy of 200 keV and 
a dose of 1.0 x 10 13 /cm 2 . The impurity for adjusting 
the threshold voltage is boron fluoride ( BF 2 ) and ion 
implantation is executed at energy of 40 keV and a 

10 dose of 2 x 10 12 /cm 2 . Thereafter, the semiconductor 

substrate 1 is heat-treated at 950°C for one minute to 
activate the impurities, thereby forming the n type 
well 6n and the p type well 6p. 

Next, a 4 nm-thick gate oxide film 7 is formed 

15 by thermally oxidizing the semiconductor substrate 1 
on the surface of the active region of each of the n 
and p type wells 6n and 6p as shown in Fig. 5, and a 
2 50 nm-thick polycrystalline silicon film 8 is 
deposited by the CVD process on the semiconductor 

20 substrate 1. Furthermore, a silicon oxide film 9 is 
deposited on the polycrystalline silicon film 8 by 
CVD. None of the n type impurity and the p type 
impurity are doped into the polycrystalline silicon 
film 8. 

25 As shown in Fig. 6, the silicon oxide film 9 and 
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the polycrystalline silicon film 8 are then etched by 
using the photoresist as the mask in such a manner as 
to form the gate electrode 8n of the n channel MOSFET 
on the p type well 6p and the gate electrode 8p of the 
5 p channel MOSFET on the n type well. These gate 

electrodes 8n and 8p are shaped to a gate length of 
0.25 jum. 

Next, a p type impurity (BF 2 ) is ion-implanted 
to the n type well 6n by using the photoresist and the 

10 gate electrode 8p as the mask at energy of 20 keV and 
a dose of 7.0 x 10 13 /cm 2 , and an n type impurity 
(arsenic (As)) is ion- implanted to the p type well 6p 
at energy of 20 keV and a dose of 3.0 x 10 14 /cm 2 by 
using the photoresist and the gate electrode 8n as the 

15 mask. Subsequently, the semiconductor substrate 1 is 
heat-treated at 1,000°C for 10 seconds so as to 
activate the impurities and to form a p" semiconductor 
regions 10 in the n type wells 6n on both sides of the 
gate electrode 8p and n" semiconductor regions 11 in 

20 the p type wells 6p on both sides of the gate 
electrode 8n. 

Side wall spacers 12 having a film thickness of 
0.1 nm in the gate length-wise direction are formed on 
the side walls of the gate electrodes 8n and 8p as 

25 shown in Fig. 7. The side wall spacer 12 is formed by 
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anisotropically etching the silicon oxide film 
deposited by CVD to the semiconductor substrate 1 by 
reactive etching. When this etching is carried out f 
the silicon oxide film 9 on the gate electrodes 8n and 
5 8p, too, is etched simultaneously, and the surface of 
the gate electrodes 8n and 8p is exposed. 

A p type impurity (B) is then ion- implanted to 
the n type well 6n and the gate electrode 7p by using 
the photoresist as the mask at energy of 20 keV and a 

10 . dose of 1.0 x 10 14 /cm 2 , and the p type impurity (B) is 
again ion- implanted at energy of 5 keV and a dose of 
2.0 x 10 15 /cm 2 . Next, after an n type impurity (P) is 
ion-implanted by using the photoresist as the mask to 
the p type well 6p and the gate electrode 8n at energy 

15 of 40 keV and a dose of 2.0 x 10 14 /cm 2 , an n type 

impurity (As) is ion-implanted at energy of 60 keV and 
a dose of 3.0 x 10*Vcm 2 . Subsequently, the 
semiconductor substrate 1 is heat-treated at 1,000°C 
for 10 seconds so as to activate the impurities, to 

20 thereby form a p + semiconductor region 13 in the n 

type well 6n and to convert the conductivity type of 
the gate electrode 8p to the p type. Also, an n + 
semiconductor region 14 is formed in the p type well 
6p, and the conductivity type of the gate electrode 8n 

25 is converted to the n type. The p* semiconductor 
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region 13 and the n + semiconductor region 14 are 
formed into the junction depth of 0.2 to 0.1 \tm. 

Incidentally, the (nVp) junction leak of the n + 
semiconductor region 14 can be reduced by heat- 
5 treating the semiconductor substrate 1 at 750°e for 30 
minutes prior to the heat treatment (at 1,000°C for 10 
seconds) for activating the n type impurity and the p 
type impurity described above, as shown in Fig. 8. 
This is because the spot defect introduced into the 

10 semiconductor substrate 1 at the time of ion 

implantation is recovered by this heat-treatment. 
Though the p + semiconductor region 13, too, is 
expected to provide a similar effect in this case, the 
impurity (B) of the p + semiconductor region 13 has a 

15 high diffusion rate and diffuses to a certain extent 
even by the heat-treatment at such a temperature. To 
prevent this diffusion, it is possible to first 
conduct heat-treatment at 750°C for 30 minutes 
immediately after the ion- implantation for forming the 

20 n + semiconductor region 14 and then to conduct heat- 
treatment at 1,000°C for 10 seconds after the ion- 
implantation for forming the p + semiconductor region 
13. 

After the gate oxide film 7 on the surface of 
25 the p + semiconductor region 13 and the n + semiconductor 
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region 14 is removed by wet etching using hydrofluoric 
acid (HF), a 15 nm-thick Co film 16 is deposited on 
the semiconductor substrate 1 by sputtering using a Co 
target and furthermore, a 10 to 15 nm-thick oxidation 
5 preventing film 17 is deposited on this Co film 16, as " 
shown in Fig. 9. A TiN film deposited by sputtering, 
for example, is used for the oxidation preventing film 
17. The film thickness of the Co film 16 is 
preferably within the range of 18 to 60 nm. If the 

10 film thickness is not greater than 18 nm, it becomes 
difficult to lower the sheet resistance of the Co 
silicide layer to 10 Q/square or below and if it 
exceeds 60 nm, the source-drain junction leakage < 
current increases. 

15 Fig. 10 is a schematic view of a chamber of a 

sputtering apparatus used for the deposition of the Co 
film 16 described above. This chamber 100 can be 
evacuated, and an Ar gas is introduced into this 
chamber, which is kept at several mTorr at the time of 

20 the film formation. A Co target 103 held by a sputter 
electrode 102 is so disposed above a holder 101 for 
holding the semiconductor substrate 1 (wafer) as to 
oppose the semiconductor substrate 1 . When a power 
source 104 connected to the Co target 103 is operated 

25 and constant discharge is started, a plasma 105 is 
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generated by a high negative voltage applied to the Co 
target in a gap between the Co target 103 and the 
semiconductor substrate 1. When the Ar ions 
accelerated from this plasma 105 towards Co target 103 
impinge against the surface of the Co target 103 , the 
constituent material (Co) of the target scatters in 
the molecular (atomic) level and a Co film 16 is 
deposited on the surface of the semiconductor 
substrate 1 . 

Fig. 11 is a schematic view of the Co target 103 
described above. The Co target 103 used in this 
embodiment has a Co purity of at least 99.99% and a Fe 
or Ni content of not greater than 10 ppm, or the Fe 
and Ni contents of not greater than 50 ppm. 
Preferably , the Co purity is at least 99.99% and the 
Fe and Ni contents are not greater than 10 ppm and 
more preferably , the Co purity is 99.999%. Such a 
high purity target 103 is produced by hot-pressing raw 
material powder of Co/ that is refined by an 
electrolytic process, or the like, until the Co purity 
described above can be obtained, into a sinter and 
machining the sinter into a disk. 

Next, first heat-treatment is carried out so as 
to allow Co and Si to react with each other as shown 
in Fig. 12 and to form a CoSi layer 16a on the surface 



of each of the p + semiconductor region 13 , the n + 
semiconductor region 14 and the gate electrodes 8n and 
8p. This first heat-treatment is executed by using an 
RTA (Rapid Thermal Anneal) apparatus in a nitrogen 
5 atmosphere for about 3 0 seconds while the substrate 
temperature is kept at 525°C or below. If the heat- 
treating temperature is too low, however , the progress 
of the silicidization reaction is impeded; hence, the 
substrate temperature is preferably set to at least 
10 4 75°C. 

After the oxidation preventing film 17 and the 
unreacted Co film 16 are removed by wet etching using 
an aqueous solution of NH 4 OH + H 2 0 2 and then an aqueous 
solution of HC1 + H 2 0 2 , second heat-treatment is 

15 carried out so as to cause the phase transition of the 
CoSi layer 16a to a CoSi 2 layer 16b as shown in Fig. 
13. The second heat-treatment is executed by using 
the RTA apparatus in a nitrogen atmosphere for about 
one minute while the substrate temperature is set to 

20 650 to 800°C. 

Fig. 14 is an enlarged view of the n channel 
MOSFET and the p channel MOSFET each including the 
CoSi 2 layer 16b formed on the surface of the gate 
electrode and the source and drain. Fig. 15 is a 

25 graph showing the relationship between the sheet 
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resistance of the CoSi 2 layer 16b and the first heat- 
treatment temperature. A high purity product having a 
Co purity of 99.998% (target B) and a low purity 
product having a Co purity of 99.9% (target A) are 
used as the Co target. Table 1 shows the kind of 
impurities contained in these targets A and B and 
their contents . 



Table 1 (unit: wt ppm) 



element 


target A 


target B 


Fe 


50 


4 


Ni 


250 


6 


Cu 


<10 


<1 i 


Al 


<10 


<1 


C 


<10 


6 I 


O 


6 


50 


Na 


<1 


<0.05 


K 


<1 


<0.05 



As shown in the drawings , the CoSi 2 layer 16b 
obtained from the high purity target B having a purity 
of 99.998% has low first heat-treating temperature 
dependence of CoSi layer 16a and becomes virtually 
uniform at a temperature within the range of from 500 
to 600°C. Therefore, a low sheet resistance of about 
4 Q/square can be obtained throughout this 
temperature range. 

Therefore, even when the first heat-treatment 
temperature is set to a low temperature, a CoSi 2 layer 
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having a low sheet resistance can be obtained. As the 
heat-treatment temperature is lowered , the rate of the 
silicidization reaction becomes low and film thickness 
controllability by the heat-treatment time can be 
5 improved. Therefore, the film thickness of the CoSi 2 
layer 16b can be set more easily to the range in which 
the junction leakage current does not increase. 
Further, as the heat-treatment temperature is lowered, 
creep-up of the CoSi 2 layer 16b can be prevented. 

10 As to the CoSi 2 layer obtained from the target A 

having the purity of 99.9%, on the other hand, the 
sheet resistance increases remarkably when the heat- 
treatment temperature is low because the film 
thickness of the Co film becomes small. To obtain the 

15 sheet resistance equal to that of the CoSi 2 layer 
obtained from the high purity target B, the first 
heat-treatment temperature must be raised to 600°C. 

When the CoSi 2 layer is formed on the surface of 
each of the gate electrode and the source and drain of 

20 the MOSFET by silicidizing the Co film which is 

deposited by sputtering in the manner described above, 
the embodiment of the present invention using the high 
purity Co target having a Co purity of at least 99.99% 
and the Fe and Ni contents of not greater than 10 ppm, 

25 preferably the high purity Co target having a Co 
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purity of 99.999%, can provide the Co silicide layer 
16b having a low resistance and a low junction leakage 
current. Therefore, this embodiment can promote the 
high operation speed, high performance and low power 
5 consumption of devices using very small MOSFETs having ' 
a gate length of 0.25 jxm. 

Next, a 100 nm-thick silicon oxide film 18 is 
deposited to the semiconductor substrate 1 by a normal 
pressure CVD process, and a 300 to 500 nm-thick 

10 silicon oxide film 19 is further deposited by a plasma 
CVD. The silicon oxide film 19 is then polished by 
chemical mechanical polishing (CMP) and its surface is 
made flat and smooth. After a 200 nm-thick PSG film 
20 is deposited on the silicon oxide film 19 by a CVD 

15 process using monosilane + oxygen + phosphine as a 

source gas, heat-treatment (sintering) is carried out 
at a temperature within the range of 700 to 800°C for 
removing the moisture in the PSG film 20. Because 
this embodiment can sufficiently secure the film 

20 thickness of the CoSi 2 layer 16b, agglomeration of the 
CoSi 2 layer 16b can be restricted even when sintering 
is carried put at a high temperature. In consequence, 
the increase in the sheet resistance of the CoSi 2 
layer 16b can be prevented and the process margin can 

25 be improved. 
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As shown in Fig. 17, the PSG film 20 and the 
silicon oxide fiims 18 and 19 are etched by using the 
photoresist as the mask so as to form a connection 
hole 21 on each of the p + and n + semiconductor regions 
13 and 14 , and then a first layer wiring line 22 is 
formed on the PSG film 20. To form this first layer 
wiring line 22 , a first TiN film is thinly deposited 
on the PSG film 20 by CVD, and after a W film is 
deposited thick on this TiN film, the W film is etched 
back in such a manner as to leave it inside the 
connection hole 21. After an Al film and a second TiN 
film are deposited by sputtering on the first TiN 
film, the second TiN film, the Al film and the first 
TiN film are patterned by using the photoresist as the 
mask. 

Next, a first interlayer insulating film 23 is 
formed on the first layer wiring line 22 as shown in 
Fig. 18. After the surface of this interlayer 
insulating film 23 is made flat and smooth by chemical 
mechanical polishing, a connection hole 24 is formed 
in the first interlayer insulating film 23. 
Subsequently, a second layer wiring line 25 is formed 
on the first interlayer insulating film 23, and is 
electrically connected to the first layer wiring line 
22. The first interlayer insulating film 23 comprises 



the silicon oxide film deposited by plasma CVD and the 
second layer wiring line 25 is made of the same 
material as that of the first layer wiring line 22. 

A second inter layer insulating film 2 6 is then 
5 formed on the second layer wiring line 25 in the same 
way as above as shown in Fig. 19. After the surface 
of this film 26 is made flat and smooth and a 
connection hole 27 is formed , a third layer wiring 
line 2 8 is formed on the second interlayer insulating 

10 film 26. 

Thereafter, a third interlayer insulating film 
29 is formed on the third layer wiring line 25 as 
shown in Fig. 20. After the surface of this film 29 
is made flat and smooth and a connection hole 30 is 

15 formed, a fourth layer wiring line 31 is formed on the 
third interlayer insulating film 29, then a fourth 
interlayer insulating film 32 is formed on the fourth 
layer wiring line 31. After the surface of this film 
32 is made flat and smooth and a connection hole 33 is 

20 formed, a fifth layer wiring line 34 is formed on the 
fourth interlayer insulating film 32. In this way, 
the semiconductor integrated circuit device of this 
embodiment is virtually completed. 

Although the invention completed by the present 

25 inventors has thus been described concretely with 
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reference to the embodiments thereof , the present 
invention is not particularly limited to these 
embodiments but can naturally be changed or modified 
in various ways without departing from the scope 
5 thereof. 

For example, the fabrication of the present 
invention that uses the high purity Co target can be 
applied to the case where only the surface of the 
source and drain of the MOSFET is converted to the Co 
10 silicide, too. 

Industrial Applicability 

As described above, the fabrication method of a 
semiconductor integrated circuit device according to 

15 the present invention can improve film thickness 
controllability of the Co silicide layer and can 
obtain a Co silicide layer having a low resistance and 
a low junction leakage current. Therefore, this 
fabrication method can be applied suitably to a 

20 Salicide process using the Co target. 
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